© 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



ii 




© Publication number: 0 570 757 A1 



rs 
ia 

m 



® EUROPEAN PATENT APPLICATION 

© Application number 93107201.1 



© Date of filing: 04.05.93 



© int.ci.s : D21B 1/02, D21B 1/32 



© Priority: 15.05.92 US 883175 
14.04.93 US 45696 

© Date of publication of application: 
24.11.93 Bulletin 93/47 

© Designated Contracting States: 

AT BE CH DE DK ES FR GB GR IE IT U NL PT 
SE 



© Applicant: Tetra Alfa Holdings SA. 
70, Avenue General-Guisan 
CH-1009 Pully(CH) 

© Inventor: All, Hyder 

c/o 1501 WS 321st Place, 
Federal Way 
Washington 98023(US) 
Inventor: Nystrom, Tommy 
Skarpskyttevagen 14A 
S-226 42 Lund(SE) 

© Representative: Weber, Dieter, Dr. et al 
Weber, Dieter, Dr., 
Seiffert, Klaus, Dipl.-Phys., 
Lieke, Winfried, Dr.,Postfach 61 45 
D-65051 Wiesbaden (DE) 



© A method and apparatus for separating paper 
fiber from mixed waste materials which contain one 
or more sources of paper fiber in order to obtain 
substantially pure paper fiber which can be recycled 



to high grade end uses is disclosed. In addition, the 
process and apparatus separates plastic with or with- 
out metal in order to obtain substantially pure plastic 
which can be recycled to high grade end uses 
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FIELD OF THE INVENTION 

The present invention relates to methods and 
apparatus for separating paper fiber from mix^d 

or paper fiber, such as cartons, newspapers maoa- 
anes cardboard, beverage containers Td 
« order to obtain substantially pure paper fiS 

utf suS ^ ** reCyC,6d to h '9h grade tTd 
uses such as for paperboard having, e.g hiah 

"* ' OW °°«**- 35 °PP0^ to ow 
grade end uses, such as for tissue paper. 

BACKGROUND OF THE IMvcm™,, 

PO S ed an fo?r th0 ? S ^ "PP"** have Pro- 
posed or separating plastic and/or plastic/metal 
compo S , es from mixed waste matenals'S ZT- 
tain one or more sources of plastic and/ar 
Ptesfc/metal composites, such as il^nta^s 
gable-top cartons, aseptic packages, and the .2" 

w^ch M Tf y , reCyded t0 h, ' 9h 9 rade e "d uses 
^! ? P,aStiC havin 9- e "9- the ability to be 
btow-molded or tte ability to be extruded Into thin 

Sc EE" t0 ' 0W 9rade 6nd uses su <* * 
pastjc lumber, and/or in order to obtain 

Plastc/meta. composites which have a sufficienlv 

h.gh metal content to be suitable for SeVtl 

economical recovery of the pure mete SJabTy 

^substantially pure plastic can be recycled 

*h£J. end uses such as ^inated^p^ 

posfeL^T ° f P,aStiC P"^c/metal corn- 
ea may also contain, and often does contain, an 
amount of paper fiber. Methods and apparatS 
have been proposed for recovering this paSr fiber 
n substantially pure form in order'to proXa^S 

ucl a,S0 Pf^ably to high grade end uses 
such as lammated paperboard products 

3 74^ X ^h 6 ' Br ° 0kS ' Unit6d St3teS P atent No. 
rec^V m °™ 3 method of separating and 

an722rf fib6rS fr0m waste °y heating 

and abrad,ng the cellulose material and men soft 
ening any resins contained therein. The separated 

S ZT" C ° mblned a resin to ^ a mat 
which is compressed to form a board 

Laundne, United states Patent No. 3,814 240 
d.scloses a method of separating waste paper \Z 

con^TT J'"" US,n9 3 h0t 9as sTeam to 

caTr«™ T* "* make il easier t0 me chani- 
cally remove the plastic particles 

scrib^met^ T 6S Patem N °- 3 ' 925 ' 150 - *" 
oari^ h ^ ° f se P ara *HJ waste corrugated 
fT ^ SU,fite ^i-chemical pulp 
SsseL* C ° nSt,tUentS - ^ waste is pro- 

cessed through two pu.pers with a liquid cyclone 



and screening stage in between. 

Tra. United states Patent No. 4,017.033 ad- 
dresses the problem of separati h • 

contam.nants from partially liberated fibrous materi 
a a£ A centrifuge, separator is used to createTSh 

to be removed as a bottoms. A further separation 
means IS used to remove the light contaminants. 

io 423?£rH- et , Unit6d States Pate "t No. 
4,231 .526. d.sclose the treatment of waste paper to 
separate both Hght and heavy foreign mattTrne 
W_ foreign matter is sent to a hydrocyctone from 
which the recovered fibers are sent to a storage 

" 427^5^1' UnitSd S,ates Pate "t No. 
IZ f 5 0S6S 3 prOCess °» covering fiber 
■ P !! P * by COntinuo ^y removing plasb C 
and l,ghtwe,ght trash. The pulper is equip^S *th 
so different sued extraction holes to taSJ?^ 

4 28?27?? el ; 6t *■ Unit6d StateS Pate "t No. 
™™ ° Se 30 aUxiliar y circulation system 

compnsmg a stock pulper equipped with a rotor 
and two screens having different sizes of mesh fo 

stnT ° f co * mh «» ^ a stock sua- 
sion. Means are included to channel the stock 
suspe nsion to a papermaking machine and to^ro- 
vde an aux , iarv cjrcujt for ^ P£ 

tam,nants and rejects such as plastics and foils. 
*> Cerroni, United States Patent No. 4,314 674 
d.scloses a method of separating an urban waste 

separated and then a mix of paper and plastic film 
-s ground such that the si 2e of the paper is r" 
3s duced without affecting the Size of the p.a^c 

457?£w f ^ Un,ted States Pat «ni No. 
an^n'S k C ' 0Se 3 method of ^ParatJng paper 
and plastic by comminuting the mixture, 

to- 9 re:~^^^^^ 

« c« ? 6 fore9oin 9 me thods do not address the 
o olT P T mS ^ when attempting to 
L W3Ste materials in ord er to obton 
SSToI? ^ SUit3b,e for eyeing to 

bnl 9 ! 6nd USeS ' SUCh as in ,ami "ated paper- 

so cerSn7rlr in ^ iChWep3pe ^ dmu ^ 
S^n wh- 9 J 6SS dirt Content requirements, 
and m which a plastic film is laminated to paper^ 
board. These problems are further completed 
when attempting to process mixed waste m^S 

as 22^ ^ t0 ° bt3in PaP«r fiber anoSr 
55 p ast c suuable for use in laminated products which 
also mclude a layer of metal foil. 

ma n!fr inated paperboard Products are found in 
many forms and represent a high grade end us^ 
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for recycled paper fiber and plastic due to the 
relatively stringent quality requirements of the sev- 
eral components of the products. 

Laminated paperboard products are used as a 
packaging material, particularly in the form of car- s 
tons for storing consumable liquids like juices and 
milk. Cartons which generally have reclosable up- 
per ends are typically laminated products made of 
paper fiber laminated on both sides with a layer of 
plastic such as polyethylene. This type of carton , 0 
known as a gable-top carton, is generally stored 
and sold refrigerated, and is typically refrigerated 
during use. A typical construction is a three-layer 
laminate having the sequential layers: polyethylene/ 
fiber/polyethylene. 

Aseptic cartons are those which are intended " 
to have a longer shelf life. One type of aseptic 
carton is filled under aseptic conditions, so that the 
liquid contents completely fill the carton and 
is no a.r or gas above the liquid. Riling the cartons 20 
under these aseptic conditions provides a long 
shelf life for the contents. The packaging may 
include a barrier layer which prevents oxidation of 
the liquid contents. This type of carton is typically 
prov,ded with an area that may be punctured for 2S 
inserting a straw. The straw remains in the punc- 
ture hole until the contents are consumed The 
most common commercial example of an aseptic 
carton is an individual juice container, commonly 

known as a "juice box". Aseptic cartons are lami- 3Q 
nated products which include both paper fiber and 
plastic layers as well as a thin metal foil layer such 
as aluminum foil. A typical construction includes 
layers of polyethylene separately sandwiching lay- 
ers of paper fiber and aluminum foil, to form a five- 35 
layer laminate having the sequential layers- 
polyethylene/ 

paperboard/polyethylene/foil/polyethylene. 

Laminated paperboard that is used to make 
gable-top cartons and aseptic packages must sat- «, 
isfy stringent requirements. These requirements 
have heretofore limited, or excluded, recycled pa- 
per fiber and/or recycled plastic from being used to 
make such laminates. 

The paper fiber used in these laminated paper- 4S 
board products generally is required to be of high 
bnghtness and low in dirt content. Elevated dirt 
count can cause streaking problems during clay 
coaling of the board and also may not be accept- 
able from an appearance point of view. Further the 50 
paper fiber used in these laminated paperboard 
products must have sufficient brightness so as not 
to have adverse impact on the brightness of the 
resulting paperboard; otherwise, the resulting pa- 
perboard may not be amenable to accepting print- 5S 
•ng and/or may not be aesthetically pleasing. The 
board must also meet certain levels of physical 
strength properties, like stiffness, etc. 



The plastic used in these laminated paper- 
board products generally is required to be very low 
in contaminants as well. One of the properties 
required of the plastics used in these laminated 
paperboard products is the ability to be extruded 
into thin films. Contaminants in the plastic, such as 
residual paper fiber and/or residual metal and/or 
elevated moisture content (which may be due in 
part to moisture absorption by residual paper fi- 
bers) disrupt the film-forming ability of the plastic. 

With the continuing growth of the laminated 
paperboard product industry, particularly for pack- 
aging of consumer goods, there is an increasing 
need for a process of processing mixed waste 
materials to obtain recycled paper fiber and/or re- 
cycled plastic which can be utilized in laminated 
paperboard products. 

Also, because laminated paperboard products 
such as gable-top and aseptic cartons contain plas- 
tic and/or plastic/metal composites, they are not 
biodegradable. With increasing concern over the 
environment, there is also growing pressure to find 
a way to separate and recycle the components of 
laminated paperboard products, particularly the pa- 
per fiber and plastic portions. Preferably, a method 
for processing mixed waste materials should allow 
the recycled paper fiber and/or recycled plastic to 
be reused in the same or similar product from 
wh.ch it was derived, i.e., the so-called "carton-to- 
carton" recycling. 

SUMMARY OF THE INVENTION 

The present invention is generally directed to a 
method of separating paper fiber from mixed waste 
matenals which contain one or more sources of 
paper fiber in order to obtain substantially pure 
paper fiber. The paper fiber is preferably suitable 
to be recycled into laminated paperboard products. 

The method in one of its broadest aspects 
comprises: 

(a) agitating the mixed waste material which 
contains paper, plastic with or without metal in 
the presence of water to form a slurry com- 
pnsed of a paper fiber portion and a plastic and 
metal portion; 

(b) separating a substantial amount of the paper 
fiber portion from the slurry and removing plas- 
tic and metal from the slurry to form a paper 
fiber-enriched stream; 

(c) subsequently removing contaminants from 
the paper fiber-enriched stream to form a clean 
paper fiber-enriched stream; and, optionally, 

(d) treating the clean paper fiber-enriched 
stream resulting from step (c) by flotation under 
conditions to further remove light contaminants 
from the fiber-enriched stream to thereby obtain 
wet paper fiber. 
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anr.^! imen *° n 3,80 inC,UdeS 3 method 

T^^T ,0r §eparatin 9 the P'«*c and/or 

S ^f a C ° mPOSite ^ miXed Waste trials 
which contam one or more sources of plastic 

and/or plastic/metal composite in order to obtain 
pure p.astic. and/or in order to obtain 
plastic/ metal composite having a high metal con- 
mi ^h*. f ° r eCOn ° mic recoverv oi the 
maW. The plastics and metal recovery portion of 

1 .1 °" e ° f itS broadest ^Pects com- 

pnsss. 

(a) shredding the mixed waste material, prefer- 
ably the res,dual portion of the slurry, from the 
above paper fiber recovery process, to increase 
the exposed surface area of the mixed waste 
material; 

(b) washing the shredded mixed waste material 
or a hme and under conditions sufficient to 
^ove a substantia, portion of heavy contamin- 
ants such as paper fibers; 

(c) separating the washed mixed waste material 
under conditions which remove residual heavy 
contemmants to yield a (1) plastic stream, or (2 
Plastic and plastic/metal composite stream, and 
proceeding to optional step (e) if (1) is p reS ent 
or to step (d) if (2) is present; 

(d) separating the plastic and plastic/metal com- 

2; to f , yie ' d 3 p,astic ^on and a 
plastic/metal composite fraction; and optionally 
« treating the plastic fraction to a turner sepa- 
ration under conditions which remove residual 
pla^c/metal composite to yield a plastic-en- 
nched fraction; and. optionally 

2 Tfi 9 the plastic/metal composite fraction 
o a further separation under conditions which 

remove res.dual plastic to yield a plastic/metal 

composite-enriched fraction. 
The process can further include drying and 

SET?-"" pteti ^ed fraction to^obSn 
substantially pure plas6c suita5Ie for 

molding, and preferably for use in film-forming The 
comSr lnC ' Ude *» pSmlS 

rsrrrr actionforuseinreco ^° f 

formic alS ° indUdeS apparatus for Per- 

IrS . an ° US Steps of 1,16 inv ention as de- 
scnbed above to achieve the objectives of re- 
covenng paper fiber that can be reused and ap- 

In accordance with the preferred embodiments 
of the present invention, each of the major compo- 
ser fibe r^' nated PaPer50ard material A**-* 
IZ J£ ^ 3nd P^meta. composite) is 
separated and recovered. The recovered materials 
can be recycled and used to manufacture the origj 

or in^^ " 9abte " tOP and -«*= «i 
or. ,n the case of the plastic/metal composite, can 



be treated to recover the metal using pyrolysis. 
BRIEF DESCRIPTION OF THE DRAWINGS 

'llusfrated ,n the accompanying drawings, in which: 
HQ. 1 <s a schematic view of one embodiment of 
^ invention for separating the paper fiber from 
mixed waste materials and recovering substan- 
'o bally pure paper fiber; and 

2l\ 2 ?J schematic v «w of another embodi- 
ment of the invention in which a combination of 
the plastic and plastic/ metal composite are 
ti-eated to recover plastic (with or without metal) 
" and paper fiber. ' 

DETAILED DESCRIPTION Q F THE INVENTION 

20 nr J" 9 ""^ W3Ste materials whic h contain one 
20 or more sources of paper fiber include newspapers 
magazines, cardboard, beverage containers ^ ch ' 
as milk cartons and/or aseptic packages, or com- 
b.natons of the foregoing. These waste materials 

* Papeffibe^ ** " ^ to «• 

Laminated paperboard products which are 
used in the manufacture of gable-top and aseptic 
cartons contain a fcyer of paper fiber sandwiched 
between layers of plastic such as polyethylene » 

wSL If* aseplic cartons - * ^ is sand- 
scried between layers of plastic, such as polyeth- 

3s was^T^', ^ reC0V6ry 0f paper fi ber from 
n^?,M ?"f 0131 inC,Ude lamjnated Paperboard 
products (or from feeds comprising otheTplastics 

Sl•n a i s ^ aStiC/meta, COmpOSiteS ' e "9- yVurt 
contamere) poses peculiar problems in thaTthe 

paper fiber is subject to contamination by par 
«> ticulate plastic and/or metallic matter 

Referring to Fig. 1. a separation system 2 for 

D S t a n9 H/ the , Paper fiber CTmpone " from me 
plaj,c and/or plastic/melal composites is shown. A 

4s nE- r H! Xed WaSte ma terial containing paper 
laminated paperboard containers, is sent to a 

2 T; 4 Wh6re * is a 9 Hated in *• Presence 
of water to form a slurry. The feed may optionally 

5 Pretreatment ™/ also include first 
shreddmg the feed and then rinsing the shredded 

^ ' n t Wate L t0 «*™" odoriferous materials as 

S mav ZT, * 6 feed " Thereafter ' ^ned 
feed may be baled and/or treated with a bleaching 

ss agent pnor to entry into the hydrapulper 4 Tnl 

hydrapulper 4 contains an agitator 6 which cau^ 

torbulent mixing of the waste materia, with water to 

cause disintegration of the paper and which aiso 
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delaminaies the laminated paperboard and facili- 
tates separation of paper fiber from the plastic 
and/or plastic/metal composites in the waste ma- 
nuring treatment in the hydrapulper 4 a 
chemical agent (such as sodium hydroxide and/or 
sod,um hypochlorite) may be added to maintain the 
PH. deodorize, sanitize, bleach and/or improve the 
nandling characteristics of the feed. 

The hydrapulping process is preferably con- 
ducted at a temperature of about 35 «C to 75 «C 
preferably from about 50 • C to 65' C at a resi- 
dence time which typically varies from about 5 to 
45 minutes, preferably from 15 to 30 minutes A 
residence time at the low end of the range (e.g 5 
to 15 minutes) is preferred for mixed waste materi- 
als containing predominantly newspapers and mag- 
azines, at the middle of the range (e.g.. 15 to 30 
m-nutes) for mixed waste materials predominantly 
contammg cardboard boxes and mixed waste, and 
at the high end of the range (e.g., 30 to 45 min- 
utes) for mixed waste materials containing pre- 
dominantly laminated paperboanJ products tea 
gable-tops). The hydrapulping process is also con- 
ducted in a basic environment in which the pH is in 
the range of about 8.0 to 10.0. 

Treatment in the hydrapulper 4 produces a 
slurry containing paper fibers mixed with various 
contaminants including suspensions of plastic par- 
teles and metal particles. Components such as 
agglomerations of plastic and larger metal particles 
tend to be easily separated from the slurry due to 
meir size and weight. The slurry is withdrawn from 
toe hydrapulper 4 through an extraction plate 7 at 
toe bottom of the hydrapulper 4 and into a dis- 

f The ,ar9er ^Ponents of plastic, 

metal and other particles remain in the hydrapulper 
4. and are removed by any suitable technique. The 
hydrapulper 4 may include a large discharge open- 
■no 5 with a removable cover plate to permit flush- 
ing the heavier components from the hydrapulper 
Z^Z**" 11 the S,u -V "as'beTn 

The slurry passes via the line 8 through a 
.quid cyclone 13. then through a coarse screen 9 

2 phSU V 3 S ' 0tted SCree " 10 < such 33 a Model 
12 PrVPS pressure screen) which separates the 
paper fiber component from the residual compo- 
nent. ,.e.. the plastic and/or plastic/metal particles 
-mo a paper fiber stream and a residual stream. 
The liquid cyclone protects the screen 9 from any 
targe pieces of metal, stones or other hard objects 
Jat might pass through the extraction plate 7 The 
dimensions of the slots in the screen 10 may be 
adjusted to screen out contaminants while allowing 

ably, the slots are on the order of .004" to 010" 
more preferably on the order of about .006"' The 



residual stream from the screens 9 and 10 passes 

21* SCreenS thr ° U9h " ne 12 ' whil * *• 
paper fiber stream passes through the screens and 
flows into the line 14. 

5 «*. R8f ? rring 3Qaln t0 R 9- 1 - «» paper fiber 
^ (containing over 99% water) is transported 
from the slotted screen 10 via the line 14 to a 
portion of the separation system 16 which includes 
first and second centrifugal separators 18. 20 The 
» separators 18. 20 are cleaners which separate the 

densi^ If ^ ' OW ^ fr ^ons. P The high 
densrty fraction is removed from the bottom. whSe 

tVr^ enSltV fraCti0n is extracted fr °m over- 
« ttf " J? ^ fiber " enric hed stream is treated 

eZ ^ different of oentnfuS 

separators to effect the alternate separation One 
^ of centrifugal separator (also known as a "high 

Z 7JL T ° r " forWard " C ' eaner > is ^"abl 
for removing heavy contaminants from the paper 

20 Enriched stream. The other type of centnfuga 

separator (also known as a "reverse" cleaner)^ 

moves light contaminants from the paper fiber- 

ennched stream. At least one of each type of 

separation (i.e.. at least one heavy contaTnanl 

rahon) is employed. The "reverse" cleaner follows 

wL£ Wa T? aner Sequence - accordance 
wrth the embodiment depicted in Fig. 1, the paper 
tiber stream is removed from the first centrifuoal 

30 2? °V 8 " *• ° Verhead «* ^- tS sS 
centnfugal separator 20 as the bottom 

tain i !!I 0re SpeCifica,, y' *• W fiber stream con- 
ning a major amount of paper fiber portion and a 

35 2^ ° f reSidUa ' portion is P^d into the 

35 first centrifugal separator 18 (such as a 5" Ultra 

froTthe IT' H r fer contami ^ts are remove 3 
from the bottom of the separator 18 via the line 22. 
The overhead of the separator 18 contains a major 
amount of the paper fiber portion and a mi™ 

frTof h « H9ht C ° ntaminante <«* * -bsta^al 0 ; 
free of heavier contaminants) comprised primarily 

fiber-ennched stream is removed via the line 24 
and *jnt to the second centrifugal separator 20 
n h, dnVin9 f0fCe wnlcn enable s the paper fiber 
S *• *f to ^ from the firstTepar^or 
18 to the second separator 20 results from a pres- 
sure drop which is maintained between line 14 and 
line 24 lead.ng to the separator 20. The difference 
° " P ' essure is maintained on the order of about 10 
to 30 psi. and preferably about 20 psi 

The paper fiber-enriched stream then enters 
toe separator 20 (such as a 3" X-C.one Through 

55 J! 3 " 6 ' ° r GyrOC,ean > whicn is a horizontally 

55 J""*" rota °n9 light contaminant cleaner. There 

LSI 3 , Pr ! SSUre dr ° P m aftained across the 

ZrSTf T U 1 10 ,0 20 PSi ' preferab, V about 15 
psi. The ovemead containing lightweight contamin- 
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via tne line 26 and discarded or further treated a 
SST?? C ' ean ^ fiber -ennchi Seam" is 

rr 2 r thebottomofthes ^^o v ;: 

The paper fiber-enriched stream may be treat- 

n1eSe? e orT ra 2 n ^ 16 ™ re th - ™ 
needed or des.red. depending on the end use of 

ink, then a de-,nking process may be used to 
remove an additional amount of the ink before the 
water ,s removed from the clean paper fiber-en 

erTbf Str : am - ^ inking process TusL pr"- 
erably includes three steps. 

e n ?w ShOW " Rg - 1 ' cte ^ Paper fiber- 

tankTwS eam " SSnt Wa 28 * 

ank 30 where compressed air is introduced via the 

•me 32 creating a froth in which the ink pastes 

are separated from the paper fiber. BecauS toe 

ink is „g h ter than the paper fiber, it floats^ a fr^th 

which i Tern ^ ^-^6 strll 

which .s removed from the tank 30 via the line Z. 

It p r 

ener 36 £ "* thickened in * Sick- 

ener 36. and ,s thereafter treated in a disperaer 38 

<« *p™« to a 5 °*» «" 

and aseptic canons. Moreover. ■ ^J* 

resulang papa, Jber ^ ^ *> 
amounts of ,eco lea flbef ,„ 
«( new paperboard. mm**,, ^ pj^on " 
Presen. invention resuBs in a paper^S o, 
cienfiv high quality „ ^ « ^ 

cycled paper fiber in new paperboard The result 
»>g paperboard has brtoWness 

^spends ,o a r^d JSTn^SL^ 

So^zir^oafT^r 



For a paperboard product containing about 10% of 

^ C ofthe aPer ,ib6r ° btained aCC °^ ^ 
cess of the present invention, the TAPPl dirt count 

about 30 more preferably l ess than about 20 and 
most preferably less than about 10 

ino 5J 9htne ? S ° f paperboar d product contain- 
to thl Paper fiber obtain ^ according 
to the process of the present invention is genemHv 

atrn 80 ' P f erab,y 3b0Ve -ore P S 

S^Tto * ^ r6CyC,ed P-P* ^r ob^ ed 
accordmg to the present process generally has a 
brightness of greater than about 78 7JZ,* 
equal to or greater than about 80 P ^ 

?s If the objective of the process is primarilv to 

™r^r ■ r non - paper — s 

tne waste starting material can be simnh, w.o 
carded including the plastic and Z^cZZenZ 
from the hydrapulper 4 and fmm »h„ com Ponents 

ttisjwewon pe^i* ^ recovered 
^-^..addnfon^,^' 

centre frcAa 

10 mm x 10 mm or smaller. The grinder is a 
conventional device. 3 

54 to™/ 9r °u nd residua ' stream is sent via a line 
r*es e ^ ^ a9itat, ' 0n **» 56 *** "epa! 

srrir 5 r ° s-t 

and cyclone separator PrefprahK, 
40 carried nit h„ VVT' ^ reterab, y- the separation is 
TZm rl V tUrbowasher mating at ,,ooo - 
1.5000 rpm ,n conjunction with a basket screen 
wrth holes on the order of 3 ^ -J » 
recsirtiiai J 2 5 mm > lowing the 

res.dua^ fiber stream to pass through and reSning 

« T 9 ° f ^ heay y contaminants and me 

r n ^° r p,astic/m ^ composite ported Tofme 

S if 63 " 1, WhiCh Pr0duces a ^dua. Pajer 
fiber stream containing about 99% water. The re- 
s*ua. paper fiber stream passes via the Hne « 

so 2S?J SCree " 60 ^h removes * 

so sidual heavy contaminants and reduces the watt 
content to about 90%. The fiber th^r^ed 

process for example through the line 24 (Rg 1) to 

55 ma?l , ^ rem ° Ve P,astic contamLts or 
55 may be used without further processing 

m ™ 6 r h6d reSidua ' ^ning the re- 

o^Z*T V ^'"^s and plastic and/or 
plastc/metal composite, generally contains pre- 
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dommantly free plastic, as well as a smaller 
amount of the plastic/metal composite, and possi- 
bly other residual components such as paper fi- 
bers, which still remain in the device 56 The 
contents of the device 56 are forwarded as a water 

2TU n 62 10 ° n0 ° r m ° re sedim ^tion 
tanks 64. One sedimentation tank may suffice for 
the preparation of free plastic from the plastic/metal 
composite if the washed residual stream is sub- 
stantially free of other heavy contaminants. How- 
ever, m practice, it may be beneficial to employ a 
senes of, e.g., two sedimentation tanks 64 The first 
serves to remove substantially all of the heavy 
contaminants (other than plastic/metal composites) 
wh,ch remain in the washed residual stream- this 
results, in a stream exiting the first sedimentation 
tank which ,s comprised of substantially only a 
combination of free plastic and plastic/metal com- 
pose. The second sedimentation tank is thus used 
to separate the free plastic (less dense) from the 

wSf^ m tl C ° mPOSite (m ° re denSe >- This res "t*. 
with the further processing described below in a 

recycled free plastic portion which is suitable for 

film-forming applications and a recycled 

Plastic/metal composite with sufficiently high metal 

content (e.g.. 20% in the case of aluminum) to 

make recovery of the metal economically feasible 

n the first sedimentation tank (if two are used) 

the flow can be more turbulent than in the second 

sedimentation tank. This takes advantage of the 

greater differential in density of the heavier con- 

to plastic (0.92 kg/m3 for low density polyethylene) 
and plastic/metal composites (about 1.06-109 
calculated theoretical) for polyethylene/aluminum 
foil laminates). Those skilled in the art can deter- 
mine appropriate flows to effect separation based 
^density differentials without due experimenta- 

The stream entering the second sedimentation 
tank 64, ,f two are used, is caused to undergo a 
substantially laminar flow so that the less dense 
free plastic separates from the heavier plastic/metal 
composite. The use of the laminar flow sedimenta- 
tion tank 64, either alone or as the second sedi- 
mentation tank, results in a recycled plastic which 
allows for the use of more than double the amount 
o recycled plastic to be incorporated with virgin 
Plastic, as compared to recycled plastic resulting 
from processes in which the sedimentation tank is 
not employed. 

The overflow from the sedimentation tank 64 
containing a major amount of the free plastic por- 
tion and a minor amount of the plastic/metal com- 
posite, is transported via the line 66 to a centrifugal 
separator 68 of the same or similar type as the first 
centnfugal separator 18. 



In operation, the separator 68 produces a less 
dense fraction, comprised primarily of free plastic 
portion and having a very small amount of 
plastic/metal composite, and a more dense fraction 
s wh,ch ,s removed from the bottom of the separator 
68 via the line 70. The more dense fraction con- 
tarns a predominant amount of the plastic/metal 
composite which may be further processed to re- 
cover the metal and/or plastic therefrom 
ro In practice, a plastic and plastic/metal compos- 

ite feed to a laminar flow sedimentation tank con- 
taming about 94.6% polyethylene and about 5 4% 
aluminum would yield a sedimentation fraction 
(aluminum fraction) comprised of 80.5% polyethvl- 

" T ■ "? , 19 - 5% a ' Uminum «* an Action 
(polyethylene fraction) comprised of 95 9% oolv- 

ethylene and 4.1% aluminum. 

The aluminum fraction passes through two sep- 
arators in series with the bottoms from the first 
20 separator (enriched aluminum fraction) being 
passed to the second separator. The bottom from 
the second separator would contain about 78 8% 
polyethylene and about 21.2% aluminum, sufficient 
25 Fu^T eCOn0miCal recover V ° f *• aluminum. 

content, and the use of only one separator may 
suffice in a particular application. 

The polyethylene fraction is passed through 
two separators in series with the overhead from the 
so first separator (enriched polyethylene fraction) be- 
ing passed to the second separator. The overhead 
of the second separator should be comprised of 
about 97.8% polyethylene and about 2 2% alu- 
minum. Further separators can be used to reduce 
as the aluminum content to at or below about 1 %, and 
the use of one separator may suffice in a particular 
application. The amount of residual aluminum may 
also be reduced directly by the extrusion of the 
ennched polyethylene fraction, as described below 
<° The bulk of the plastic/metal composite, includ^ 
•ng the bottoms from the separator 68, may be 
treated in a conventional manner to recover the 
metal or the plastic. The residual water content 

<s ^fT? ShOU,d be ,ess 1% - F or example, 
« plastic/metal composite may be pyrolyzed un- 
der environmentally controlled conditions to recov- 
er the metal foil. Alternatively, the plastic/metal 
composite may. for example, be reacted with a 

so 2 ! f °' Vent 10 diSSO,ve me P ,astic an °- recover 
so the metal and plastic. 

The plastic is transported via the line 72 to a 
drying system 74. In the embodiment shown in Fig 
2 the drying system 74 includes a vibrating screen 
76. a screw press 78 and a hot air dryer 80 to 
5S remove a substantial amount of the water from the 

Z ?1T°; 7116 reSidUa ' water content ^er drying 
should be less than 1%. y 
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A rotating drum pulverizer 82 may be used to 
substantially pu , veri2 e me dry materia, into duS 
after the plastic has been dried in the hot air dryer 
80. The dust then melts by friction and is passed 
mto an extruder 86. As it is extruded, the material 
•s passed through a continuous screen changer 88 
which removes large pieces of residual contamin- 
ants and metal. The mesh size of the screen is 
preferably less than 100 urn. 

Thereafter, the substantially pure plastic can be 
peptized m a customary manner and combined 
with virgin p | astic in a we|ght ^ Qf from ^ 

2:5 (recyciedrvirgin) for use in making the lami- 
nated paperboard product. 

In accordance with the present invention a 
substantially pure plastic portion may be obtained 
which ,s suitable for use in film-forming applica- 
tions, and there is also obtained plastic/ metal 
composrte (e.g., plastic/aluminum foil composite) 
hav-ng suffic,entl y high amounts of metal (e.g 
20 /o , n the case of aluminum) suitable for eco- 
nomic recovery by. e.g.. aluminum processors 
Substentany all of the components of the mixed' 
waste matenal can therefore be recycled to high 
grade end uses. The paper fiber and plastic can be 
recycled to. e.g., a laminated paperboard manufac- 
tinng product, and the plastic/metal composite can 
be recycled to obtain the metal component. The 
recycled plastic (e.g., po.yethy.ene) whfoh is used 
as part of the laminated paperboard product is 
ctassified by its mechanical and chemica. prop- 
ert.es, and by its purity, n the recycled plastic Z 
contammated with impurities, such as paper fiber 
or metal, e.g., aluminum, in excess of about 1% 

S< ;T nin9 SyStem * 3,1 extruder "sed to pel- 
letize the recycled plastic will quickly plug, result. 

7^?T productvity - in *• 

of plastic fi Ims, more than 1% paper fiber in the 

off. in> ^ r * increased h yg ro ^py 

of fta plastic and more than 1% 0 f metal in the 
pastic results un, inter alia, "lace curtains" during 
film-forming. Therefore, any plastic which is cen- 
tered for recycling must be substantially pure 
(..e substantially free of paper fiber and metal. Ye. 
having I"/. content)> even ^ • 

tc typ.cally is mixed with virgin plastic 
tinn ™* ™ mbination ° f steps of the present inven- 
ts for the recovery of paper fiber, when used in 
combmafon (if desired), can provide for substan- 
tially complete recovery of the paper fiber from the 

MorL^H 80 ^ 068 ° f m ' Xed Waste materi ^- 
Moreover, th.s paper fiber is substantially pure in 

that .t ,s essentially free of fight and heavy con- 

tammants. This paper fiber also has substantially 

"nproved dirt content and brightness, as described 

achieve *" heret ° f ° re be "' eved possible to 



If the residual portion of the mixed waste ma- 
tenal. when freed of residual paper fibers, contains 
only plastic and does not contain any plastic/metal 
compose or other heavy contaminants, this plastic 
s portion will be of suitable cleanliness to be re- 
cycled Because of the removal of the residual 
tiber, th, s plastic portion is not limited to low end 
uses (as ,s the case in the prior art), but is suitable 
for use m the manufacture of, e.g., plastic films. It 
13 * us sultab,e f ° r recycling back into other lami- 
nated paperboard products. 

While this invention has been illustrated and 
descnbed in accordance with certain preferred em- 
ood.ments, it is recognized that variations and 
'5 changes may be made therein without departing 
from the scope of the claims. 

Claims 

20 1. A method of separating paper fiber from mixed 
waste materials which contain sources of paper 
fiber, plastic with or without metal, said method 
indud.ng agitating the mixed waste materials 
in the presence of water in a hydrapulper to 
form a slurry comprised of a paper-fiber por- 
tion and a plastic and metal portion, character- 
ised^ extracting water and plasti c and any 
metal and a substantial amount of the paper- 
fiber portion from the slurry out of the 
*> hydrapulper to form a liquid stream; removing 

plastic and any metal from the liquid stream to 
produce a paper fiber-enriched stream; and 
subsequently removing light contaminants from 
the fiber-enriched stream to thereby obtain wet 
35 paper fiber. 

2- The method as claimed in Claim 1, wherein 
the paper fiber-enriched stream is first treated 
in a first centrifugal separator to separate 
<° heavy contaminants from the paper fiber-en- 

riched stream and then treated in a second 
centrifugal separator to separate light con- 
taminants from the paper fiber-enriched 
stream. 

45 

3. The method according to Claim 1 or 2, includ- 
ing the additional step of passing the paper 
fiber-ennched stream through a flotation tank 
for separating ink particles from the paper 
so fiber-enriched stream prior to the compressing 



4. The method of Clams 1-3, wherein removing 
plastic and any metal from the liquid stream is 
55 accomplished by passing the stream in se- 

quence through a coarse screen and a slotted 
screen. 
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5. The method of Claim 1, including transferring 
the removed plastic and metal components to 
a grinder; grinding the plastic and metal com- 
ponents in the grinder; separating plastic com- 
ponents from metal components after the 
grinding step; drying plastic components from 
the separating step; supplying the dried plastic 
components to an extruder; and extruding the 
plastic components. 



10 



6. The method according to Claim 5 wherein said 
separating step includes supplying the plastic 
and metal components to a sedimentation tank 
to allow the more dense components to settle 

out and the plastic components to be removed is 
with the water stream. 

7. The method according to Claim 5 including 
pulverizing the dried plastic components be- 
fore supplying the plastic components to said 20 
extruder. 

8. The method as claimed in Claim 2 including 
maintaining a pressure differential between 

said first separator and said second separator 2s 
of between about 10 and 30 psi to cause flow 
from the first separator to the second separa- 
tor. 



separator between said screens and said dis- 
charge outlet for removing heavy weight con- 
taminants from the paper fiber-enriched 
stream; and a second centrifugal separator be- 
tween said first centrifugal separator and said 
discharge outlet for removing light weight con- 
taminants from the paper fiber-enriched stream 
to thereby obtain a wet paper fiber pulp. 

13. The apparatus according to Claim 12, including 
a transfer arrangement for transferring plastic 
and metal components from the chamber and 
from the screen to a grinder station; a grinder 
for grinding said components at the grinder 
station; a plastic extruder for extruding the 
plastic, the transfer arrangement including ap- 
paratus to transfer said components from said 
gnnder to the extruder. 

14. The apparatus according to Claim 13 including 
pulverizer means for pulverizing plastic and 
metal components before being transferred to 
the extruder. 



• The method, as claimed in Claim 4 wherein 
said slotted screen has slots between about 
•004 and .010 inches in width and the fiber- 
enriched stream passing out of the slotted 
screen contains at least 99% water. 

). Recycled paper fiber produced according to 
the method of Claims 1-9. 

'• p aperboard containing between about 10% 
and about. 30% recycled pap^r fiber produced 
according to the method of Claims 1-9 and 
having a TAPPI dirt content of less than about 



Apparatus for performing the method of claim 45 
1, said apparatus including a chamber for agi- 
tating the mixed waste material in the pres- 
ence of water to form a slurry comprised of a 
paper fiber portion and a non-paper fiber solids 
portion; an extraction arrangement for separat- so 
ing a substantial amount of the paper fiber 
portion from the slurry to form a paper fiber- 
enriched stream; a conduit for conducting said 
stream from said extraction arrangement to a 
pulp discharge outlet; screens between said ss 
outlet and said extraction arrangement for sep- 
arating paper fibers from plastic and metal 
components in said stream; a first centrifugal 
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